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ERRATA PAGE FOR ECOM-5825

SYNCHRONOUS METEOROLOGICAL

SATELLITE DI

RECT READGUT GROUND

SYSTEM DIGITAL VIDEO ELECTRONICS

Page 9, third paragraph on page, first and second lines in paragraph

Change "Another area that has required hardware redesign in the
location of the grid bit is the IR data word." to "Another
area that has required hardware redesign is the location of
the grid bit in the IR data word."

Page 9, sixth paragraph on page, second line in paragraph

Change "This switch in the program mode G sets..." to
“This switch in the program mode sets..."

Page 10, changes:

second paragraph, second line:

third paragraph,
third paragraph,
third paragraph,
third paragraph,
fifth paragraph,
fifth paragraph,

first line:

fifth line:

Change Schematic AZA5 to Schematic A2AS
Change Schematic AZAS5 to Schematic A2A5
Change Schematic AZA2 to Schematic A2A2

eleventh 1ine: Change Schematic AZA12 to A2A12

twelfth line:
fourth line:

fifth line:

Change "B AZAZ pin 29..." to "B A2A2 pin 29..."
Change AZA5224 to A2A5A24
Change A3AS A3Z to A3A5 A32
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INTRODUCTION

The Synchronous Meteorological Satellite (SMS) program originated in
March 1974 with the launch of the SMS—A, The White Sands Missile Range
(WSMR) Direct Readout Ground Station (DRGS) was delivered in the same
month and received the first picture transmitted from the satellite on
25 May 1974.

Operational experience and consultation with researchers requiring SMS
data revealed the need to refine the basic DRGS and to add the data pro-
cessing equipment necessary to fully exploit the information contained
in the SMS data stream. The research groups require data files which
are computer compatible, sectorized to a specified area, and highly re-
liable in terms of low error rates. Hard copy film -images are required
on a daily basis to allow selection of areas which might be of interest
for intensified study.

This report describes some of the steps taken to upgrade the original
system,

BACKGROUND

The SMS views the earth from a nominal altitude of 22,300 miles. The
satellite receives its operational commands from the Command Data and
Acquisition (CDA) Station at Wallops Island, VA. In its normal opera-
tional mode, it is commanded to transmit its data once each half hour.

The satellite has a nominal rotation speed of 100 rpm. This rotation
generates the West-East scan of the earth. At the nominal 100 rpm rate,
the period of scan is 600 msec.

To generate the North-South earth limits, a stepper mirror is incorpo-
rated. One thousand eight hundred and twenty-one steps of this mirror
generated the North-South satellite earth viewing window. Each step is
about 4 miles.

The data collection sensors consist of eight visible and one infrared
(IR). A second IR sensor is available as a backup. The nominal resolu-
tion of each visual sensor is 1/2 by 1/2 mile. The 2- by 4-mile resolu-
tion for the IR sensor generates the IR data for the same area.

In one revolution of the satellite, the earth is scanned for about 18
degrees. Each scan consists of data from one IR sensor and eight visual
sensors. These data are transmitted to the CDA station at a 28-megabit
rate. The data are time stretched to fill the remaining 342 degrees of
satellite rotation and retransmitted back to the satellite. The satel-
lite retransmits the data back to earth where it is available to the
users at a 2-megabit data rate.
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The above explanation deals with the mode A data transmission (Fig. 1).
The other modes, B and C/D, are shown in Fig. 1 also. The general op-
eration is the same except the visual sensor data is averaged in oper-
ating modes B and C/D as shown in Fig. 1.

Except for the initial satellite checkout phase, modes B and C/D have
never been used; therefore, the remaining discussion will deal with mode
A operation only.

The stretched VISSR data is received at the users ground station, DRGS,
at about 1687.1 MHz,

DIRECT READOUT GROUND STATION

The DRGS receives the 1687.1 MHz signal via a 25-foot parabolic dish
antenna. Here the signal is amplified, down converted, and transmitted
through semirigid coax to the receiver at 137 MHz.

The block diagram in Fig. 2 shows the signal flow. The 137 MHz receiver
amplifier filters and generates a final intermediate frequency of 10 MHz
which is routed to the phase shift keyed (PSK) demodulator. Here the

10 MHz carrier is stripped off and the data are sent to the bit and
frame synchronizers. The bit synchronizers provide a Oy and 90-degree
phase clock to the frame synchronizer. The frame synchronizer decides
which data is being processed (IR or visible) and generates line syncs,
word counts, step commands and serial to parallel data conversion.

The data enters the digital video electronics drawer in a parallel word
format. This unit is the heart of the data handling capabilities for
the laser beam recorder (LBR). It contains the logic required for data
enhancement, memory control, and data transfer decision network.

In addition to the data control logic, the drawer also includes a digital
to analog converter (DAC) to drive the laser beam modulator driver. The
data presented to the DAC must pass through 1 of 16 lookup tables. These
lookup tables provide the enhancement capabilities for real-time LBR
transparencies.

The modulator driver modulates the laser beam as it passes through a
liquid crystal. Lenses and mirrors pass the light beam to the stepper
motor optics. The rotating drum that holds the film rotates in synchro-
nism with the satellite, and the stepper motor transverses across the
film at the transmitted line rate. The drum rotation gives the West-East
earth coverage and the stepper motor generates the North-South earth cov~-
erage. The nominal 1821 steps of the satellite mirror take 18.2 minutes
to complete the full earth coverage. Processing of the film adds another
3 minutes.

e —————




EARTH SCAN (30 MSEC)

IR DATA 3822 9 BIT WORDS

[ I [ VISIBLE DATA (52.5 MSEC)
; 15,288 6 BIT WORDS EACH

Vi V2 V3 V4 V$ V6 Vi1 V8

180 240 300 360 420 480 540 600(MSEC]

V!SIBLE BLANK INTERVAL (7.5 MSEC]
2184 VISIBLE WORDS

IR BLANK INTERVAL
545 WORDS, 418 WORDS OF SYNC AND 128 WORDS DOCUMENTATION.

SIGNAL FORMAT MODE A
EARTH SCAN (30 MSEC)

IR DATA 3822 9 BIT WORDS

/ [ VISIBLE DATA (105 MSEC] 7644 6 BIT WORDS

IR Vi V2 V3 V4

0 30“ \ 240 \ 360 480 600 (MSEC]

VISIBLE BLANK INTERNAL 15 MSEC
IR BLANK INTERVAL 1092 6 BIT WORDS
546 9 BIT WORDS

SIGNAL FORMAT MODE B

EARTH SCAN {30 MSEC)
IR DATA 3822 9 BIT WORDS
/ /—" VISIBLE DATA 1119 8 BIT WORDS
R

Vi

0 30 120 600(MSEC)
SIGNAL FORMAT MODE C/D

FIGURE 1 DATA TRANSMISSION FORMATS




WYYIVIG %2078 NOILVLS LNOQGV3IY 1J3¥i0 2 3u¥N9i4

SIINOY¥123N]
WNYa LEREL LIl ¥31311dNY
9NIQH0I3Y “0HIVIL HOLO0W Y301 &
$91140 ¥ IAI40
INIdVHS o 19VI4YV)
¥31411dNY
NOILYINQOW
BOLYINQOW YIL¥IANOD
43SV v/a ¥0SS3904d ms |
/ 1YNSIS "1 INVY4
¥ILWIANOD dN
i AYOWIN | IS gow3ia J0ULNED LNV
43sV1 431108 ¥ 18 ¥ Nsd N“w /4IA3123Y
]
IHN LEI
1041N0D 4 INAS 118
gNIQ0IY9 1181SIA [} T
NMOO
dNVHVd
430409 1¥
14Vl

A

/
310410 1S3l

IHN (891



- —

Modifications

The following discussion is a detailed explanation of the system's oper-
ation and problem areas. The antenna system, down converter, receiver,
and demodulator subunits have required very little maintenance or
redesign. These units are quite similar to most receiving type equip-
ment; therefore, a detailed explanation of their operation is omitted,

Front End

The front end consists of the antenna, a filter, a parametric amplifier,
phase lock source, and a mixer. In the original configuration, the
phase lock source would lose lock. Temperature and vibration checks
produced negative results, and no other cause cculd be found for the in-
termittent loss of lock. Redesign of the front-end component layout

to facilitate retuning of the phase lock source without removing it

from the system reduced the downtime from 1 day to 30 minutes. Another
supplier of phase locked sources was established, and the design of the
phase locked source was changed from the existing external reference
crystal model to an internal reference crystal model. This configuration
has operated trouble free with a mean time between failures of 8 months.

Due to the location of the DRGS on WSMR and its associated missile mis-
sion, a large quantity of radiosondes are launched. These radiosondes
operate in the same band as the SMS down link frequency, the S-band.
Although the antenna of the DRGS has a 2-degree beam width which should
provide some isolation from interference, operation has shown that the
signal strength of radiosondes is enough to cause interference. Coordi-
nation with our meteorological personnel has reduced the rate of inter-
ference but has not eliminated it. The design of radiosondes allows a
high degree of frequency drift that cannot be compensated for at the
present time., This interference may be causing some of the front end
downtime, but this has not been confirmed yet,

Bit and Frame Synchronization
The frame synchronizer is a special design. To the best of the author's
knowledge, there are only two in existence, the White Sands unit and one
in the National Aeronautics and Space Administration Mobile Van System.
These units have yet to be fully analyzed. Minor changes have been made,
mainly signal conditioning and a reduction of input/output (1/0) cables.
Changes Made

Word parallel data was outputted from the frame synchronizer on 15 lines.
Nine lines dedicated to the IR data and six dedicated to the visible.

6
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Since the data are transmitted time multiplexed, there is no rationale
for separate lines for each set of data. Therefore, the data was shared
on the I/0 nine IR lines. This eliminated six 1/0 lines.

All data exit the frame synchronizer on single-ended lines, «riven by

standard transistor-transistor logic gates; these were pilaced with line
driver/receiver pairs for differential drive data output. The same pro-
cedure was followed with the input clock and other timing signals. N

The results of these changes completely eliminated all cross talk and
other interference on the frame synchronizer output lines.

Changes to be Made

The SMS data stream contains documentation data at the beginning of each
line. These documentation data give information about the satellite or-
bit configuration. In the present system these data are blocked. For

a system that is dedicated to transparency generation this is a logical
approach, but for computer analysis of the digital data the documentation
data contain useful information.

The frame synchronizer contains word count counters that serve 1o purpose
at present. The logic chips have been removed, but the back pla.e wiring
is still intact. If a word counter is necessary it should be in the unit
that requires the counter, eliminating the 14 output cables required for
the word count output.

Digital Video Drawer

This drawer is the heart of the LBR data formatter. Data enters in a
word parallel format along with word clocks, line syncs a:id step com-
mand. IR storage, grid bit extraction logic, lookup tables, and DAC take
place in the unit. Since the unit is the major data handling subunit and
one of the more complex subunits in the system, it was a major problem
area.

Figure 3 shows a block diagram of the digital video drawer. Data enter
this unit from the frame synchronizer. It is held in an input buffe:
til clocked out by the proper word clock; then it enters the read/write
memory. This memory is a 4K by 18 bit stack, horizontally split to pr
vide two 4K by 9 bit sections. The first 4K by 9 bit section provides
buffering of the IR data; the second section is used as a lookup memory
to provide film gamma correction and various preprogrammed enhancement
curves. The memory has the capacity to store up to 16 sets of curve:
for gamma correction or enhancement.

For gridding and IR data processing, the IR data must be buffered. IR
data is routed to half of the 4K by 9 bit memory and then recirculated

g e s ——
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eight times to the DAC. The recirculation is synchronous with the vis-
ible time interval such that the IR data is processed during visible
time. The grid bit is the most significant bit (MSB) of the 9 bit IR

data word. Grid bit data is used to cause the video to be white or
black as determined by the video level. To obtain this output, the IR
and visible must be compared at all points along the scan line. As the
IR and visible data points are compared synchronously, the time of oc-
currence of the grid point is determined. This point is compared to

the intensity value of the visible data at that time and a white or black

data value is substituted for it. The transfer signal that commands the
buffer to transfer its stored data to the DAC originates from the memory
timing circuitry.

Modification to the Digital Video Drawer

This subunit has been completely redesigned. The components and theory
from the original design were used, but their logic and layout were re-
placed. The original documentation for their unit was erroneous and in-
complete. Many of the components in this drawer were unused. As a re-
sult of the redesign, troubleshooting time has been cut in half. In

one case six boards containing an average of 26 chips per board were
replaced by one printed circuit board containing 20 chips.

Another area that has required hardware redesign in the location of the
grid bit is the IR data word. The gridding information is contained in
the MSB of the IR word, which means that the sensor data information of
the IR and visual word are displac d by one bit. When the serial data
stream is shifted into a parallel data word, the MSB of the IR word is
the grid bit with the MSB of the visible word being sensor data. To
align the data, the visible parallel word must be shifted one bit posi-
tion to align sensor data information.

This misalignment of sensor data would not have occurred if the gridding

information had been in the least significant bit location of the IR

word. Then the MSB of the IR sensor word and the MSB of the visible

sensor word would have been in alignment.

The following is the theory of operation of the digital video drawer.
PROGRAMMING

Programming of the lookup tables is initiated by the front panel program
run switch. This switch in the program mode G sets the Q output of 29

(pin 5) and locks the memory to mode 2 which is the lookup table portion
of the memory. The mode control lines split the core into two 4K by 9
bit sections. Mode 1 is the IR data storage section. The anded sig-
nal of the front panel program switch and the O output of ZY9 lock out

mode 1 during program time.
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The core address switches also function as data entry switches. In mode
1, four address lines are tied to front panel switches which split the
mode 1 or lookup section of the memory lato sixteen sections. Each
section is 9 bit by 256 locations. This leaves eight switches for ad-
dressing and data entering.

The program/run switch also blocks the input word rate clock by putting
a low on pins 2 and 13 of A22 Schematic AZAS5. The lookup section to be
programmed is selected by the four front panel switches with the other
eight in the zero position. This selects the starting address location
wien the examine switch on the memory control is pressed.

The examine switch Schematic AZAS5 sets the Q output of A24B high. This
switch is a momentary switch and the Q output of A24B goes low when it
is released. This generates an input data strobe. The write operation
is inhibited at this time so that the data stored in this location can
be examined. The input data strobe clocks Z8 Schematic AZA2 which gener-
ates memory initiate through Z14 pin 4. At the end of memory busy Z1
triggers, which resets Z8 pin 9 through Z8 pin 6 and generates a second
memory initiate. The second memory busy cannot generate another memory
initiate because Z14 pin 1 is high. The first memory initiate sets Z7
and 9 such that address select A selects the address counter for the
memory address (J6-54, J5-54, J4-54, Schematic AZAl2). Address select
B AZAZ pin 29 is zero when in the program mode.

Lookup (LU) select A A2A2 pin 9 initially allows the LU lines to address
the memory. The first memory initiate puts a '"zero'" on LU select A and

a "one" on LU select B. This in conjunction with the address select
lines places the address register on the address lines of the core. The
second memory initiate switches the LU lines to the address lines and al-

lows the data stored in the address location to be examined.

When a word is to be programmed, the signal flow is similar to the exam-
ine routine. The main difference is that the write inhibit is generated
and the programmed data value is stored in the memory. The momentary
enter switch toggles, which sets the Q output of AZA5Z24 pin 5. This
generates an input data strobe through A3A5 A3Z and a write inhibit
through A2A5A23. When the switch is released A2A5A24 pin 5 returns to
the reset state. With the front panel data switches set to the desired
value, the input data buffers pass the data values to the holding reg-
isters A2A5A30 and A3l. The data is clocked into the registers by the
trailing edge of the input data strobe.

With the this/next switch in the "this'" position, the memory address
register is held in the address previously selected and the data will be
stored in that address. With the switch in the "next'" position, the
memory address register is allowed to autoincrement and the data is then
stored in the next address location.

10
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RUN MODE

In the run mode, timing is initiated from the frame synchronizer. IR

sync clocks A2A2 Z9 pin 5 high via the line receiver, which puts a low

on the mode 1 (IR storage) control of the memory and allows the IR data

to be written and stored in memory. Mode 2 control is maintained in the
high state while in the run mode. Therefore, data can never be written
into the LU tables while in the run mode. IR data clocks are gated through
A2A5A22 to generate the input data strobe. The input selector selects the
IR lines at input. These data are clocked into the buffer register by the
trailing edge of the input data strobe. The trailing edge also generates
a memory initiate pulse via Z8 and Z14 of the A2A2 card. The remaining
sequence is the same as the program cycle. Upon completion of the IR
cycle, visual sync resets Z9 via the line receiver and Z12 pin 8. Mode

1 control and mode 2 control of the memory are now in a read only state.
Visible data clocks are gated through A2A5A22 to generate the input data
strobe and select the visible data lines as input to the buffer regis-
ters A30 and A31. Address select A and B select the lookup lines as

input to the memory's address. Lookup select A and B select the data
lines to be present on the lookup lines.

Therefore, the visible data selects an address on the first cycle of

the memory. The end of memory busy of cycle 1 generates cycle 2 memory
initiate. Now the lookup select A and B passes the data that is stored
in the memory location selected. This data, i.e., the programmed lookup
word, is then present on the buffer register of the DAC. These data are
clocked into the register by the video latch data strobe (pin 31 of A2A2).

The video latch data strobe is generated by the end of cycle 2 memory

busy. Cycle 2 memory busy fires A2A2Z1 pin 10 on its trailing edge. One
hundred nanoseconds later Z3, a 400 nsec one-shot, is fired via pin 2. Zl4
pin 1 has gone high because the end of cycle 1 memory busy triggered Z8

pin 3 and reset Z8 pin 13. This inhibits a memory initiate pulse from
being generated at the end of the input data strobe and clocks 27 pin 11

to put a high on address select A and sets the lookup select signals to

the proper states. At the end of cycle 2 memory busy Z7 pin 1l gets
clocked by the Z3 pin 4 one-shot and the fall of the signal on Z7 pin 9
fires the video latch data strobe one-shot Z3 pin 10. The data are latched
into the DAC buffer register A2A8 at this time.

This completes a cycle of visible data; i.e., the only data available to
the DAC is visible. If the operator selects IR data to be available at
the DAC, the sequence is similar because the IR data is inserted in the
visible time interval. When IR data is selected on the front panel, pin
35 of A2A2 goes low.

IR data is written in memory as explained above. During the visible
interval, lookup select B is held in the high state. Thus during the
visible time interval the LU line selector looks at the IR data stored
in memory and at the data lines which have the visible data present on
them.

11
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IR DATA OUTPUT THEORY

At the end of the IR interval, visible sync resets Z9 via the line
receiver and Z12 pin 8 of A2A2. The mode 1 and 2 read/write controls of
the memory are now in the read only state. Visible data clocks are gated
through A2A5A22 to generate the input data strobe and select the visible !
data lines as input to the buffer register. These data are present on

the "D" lines of the lookup line selector (1 out of 4 decoder A2Al10).
Since the lookup select B signal is held in the high state, the selector
selects the memory lines as input with lookup select A low. *A2A2 Z7 pin

9 is initially low; therefore, address select A is low with address select
B in the high state during the visible time interval the address selector
selects the 4 address registers as its input. The input data strobe gen-
erated by the visible word rate clock clocks the master address registers
A2A12J3, 4, 5, and 6. The fourth clock from this register is the input
clock to the 4 address register. This allows every fourth visible word
rate clock to read a new IR word from memory. Each IR word is cycled

four times before it is updated; i.e., 15,288 visible words/3,822 IR
words = 4/1 ratio. This technique mates the IR and visible display for-
mats for the laser beam recorder.

The input data strobe generates the first memory initiated pulse by clock-
ing 28 pin 11 of A2A2. 28 pin 8 goes low, which fires the 100 nsec one=
shot 214 pin 1. Z8 pin 9 puts a high on Z7 pin 12. Address select A is
low with address select B remaining high during the full visible time in-
terval. This sets the address selectors A2A12J5 and J6 to select the 4
address register as its input. The memory initiate pulse reads the first
IR word out of memory. The address selector must now be changed to accept
the LU lines as its input and the lookup selector must look at the IR

data word befcre the next memory initiate is generated. Four hundred
nanoseconds after the input data strobes trailing edge, the address select
A flip-flop Z7 pin 11 gets clocked by Z3 pin 4. Address select A goes high
and lookup select A pin 9 of A2A2 goes high. Lookup select B remains high
during the IR selection time by the low on Z7 pin 2. Z7 pin 2 is held low
by the front panel data selection switch in the IR mode. Therefore, ad-
dress select A is high, address select B is high, lookup select A is low
with lookup select B high. With these conditions, the lookup selection
selects the IR data to be available on the lookup lines and the address
selection selects the lookup lines on the address to the memory.

Cycle 1 is now completing its phase and the end of cycle 1 memory busy
generates cycle 2. Cycle 1 memory busy fires Z1 pin 10 of A2A2. This
100 nsec pulse again fires the 400 nsec one-shot Z3 pin 2, fires the
memory initiate one-shot Z14 pin 2, and clocks Z8 pin 3. Z8 pin 3 clocks
and pin 6 goes low resetting Z8 pin 13. The Q output of Z8 places a high
on Z3 pin 1 which will block the cycle 2 memory busy. Al4 pin 1 is also !
high and will not pass the 100 nsec pulse generated by the end of cycle

> memory busy., Cycle 2 memory "uitiate reads the lookup word out of

memory, and this value is now available on the lookup program lines of

the lookup selector.

12
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The lookup selector must now make this data available on the lookup
lines. Three hundred nanoseconds after cycle 2 memory initiates, Z3 pin
4 goes high clocking Z7 pin 11, putting a low on address select A. When
lookup select A went high, 23 pin 10, the data latch one-shot, clocked.
These data are latched into the digital to analog buffer register 1.6
nsec later, after the programmed lookup word is available on the lookup
line.

13




&/-0r&
TEOITLS LT HOLLET O70/N

Ad0D F18YTIVAY 1539

HDOT7 TOIFLNOD IIN/A/L

s
agI57r7 Lon

[Za

WFN OL TLE o A ATFOW TN - —

; S 4

L1018 ¥ 427795 7 HOO7 - — :

-z -~ .
L 26 & TS e o

T SOy OVAS $A —
e e PE B =
- 2= T P DA 4 \P»mm

+
HICOL ON/INE Y B Y

ANEXT o

FOSNOTNAT ) ,  yu s> Om FFse T
NO LN AC

¥ON $202 | oty Li@rwn Ta'd - ey

‘\.a‘ r-4 \§.\\ F I -—

o
A Z\..)\A
L T 2 =4 7OON -—
s
oo SIF OFCIA
OP-26 §F 7S JOC, wzr———
i b 7o~ 4 o T e
P09 Ac| _ | G Sl ik o
ﬁ e i,).w\ Fo5AST 774 =4 r
PSR iy

Br-O & LIT7TTS affi 007

£ 5 790948
»;uv\ho\Q LTV

aF785rn Lon

Y TIEY NS o W=

14



TS AN OF T/IN LAIN/
-4

LACE 2 o4
Sr CoO78 NI
¥

¢

Y oLHC 5
i oele mOds
Y

s |2
W T
o
[ 2
o oa
: L
P P! ar ] A e i e
- v B S ESES ¢
= L% =
x
X — - . . - -
- ; Sk F ..Nnn .- .-
= e AT LR : = e | =
s Ao Y e ¢ —" -
z e 2o 3
r e io]
e . ioEim
P e i -
FOOBLT sisT s AN
Er-czy = ) h\swm - .
‘. .

TOOILS pLoo 4tron/ P/
2

r v
- >— s P %
o P &
svos mrmly rroes =it by e
3 E it SR TS
e d 7
2 —_
el oeie |
=1 ot
- 2< ezl
v,
voir o ¥
RE . A i
e var L e e
2 1 4 »s
v “od 4 VO,

fots
caas &

FLOTr OIS & T 04 NOIWNOZ

NLpisane s
N

SeSeSes

riT TSN L MO,

B

~ BEST AVAILABLE (OPY




FILITANOO DO76NY OL T6L/D/T

o0 272
90 W=V sleor -0y
o T oA
ze e e
-£/7
14 6 i * ‘IH\ = 7 &4
APl L =
ZF T14/S00 & ..M
7 €24 St e TR
] » © / ~o
! TAILEOIN EZ4
I LS ‘o)
2
e L
57 | ]
e i ) Y0 agpy
1 Q.N\HN 2oy
; 7 12¢)r - 2076
" 2@ LAy
rE ¥ 5/ i4 ; & MQ 7 P57 ‘NK‘&_D\\\
re- b élze o R sp) /07
s 7 = 5 (602227
N Fir 7 Ll v o k4
S/ AELL 8= Q ﬂwﬂ.’n 711 (Fp) PR
5 : S | 57 ¢/ _
A0/ _ ,. |
F I NG FON AT Is}vl;\ Hlx\\% Lnw _ | |
» - S () _ T mu FIOSE TH H _
7o @C A ,
“ [ YONAC _
[ ANOD /T . 7 I o
| | L o D P
oA ING E m 22-/t57 / N § B ¢ o Zeisnz
I PP Ty o] Al r; Horarter—1—FP R i ‘e)sny
5 o P S i > i (op)s 77
2 L— Ho gt TS 600 Cer>
» ca F 2 PNy L& TF2
“.lJ e 2 7 Ny 2
_ — Nl..\ 2 I3
> (5) (P
ove - Pal o ——— |I|1|||
~ A/

“v v

(opY

5
L

1

BEST AVAILAL




LOF 7785 o7 ¥OO7

-41-4

pipaasiacers ® i 60O & uOFFS 27 Q\Q\NQ
SRS (/)8 20286 & LO7778 N7 - o0/
f F 4
iL & &ZTIZNE ol
L 2y £/ C#) L NIy \. vosir A
() === e g z/ ToOw) £ T ,_
| /7 (6F) £ TIGENT WIN v our W |
| i 5/PLG; 72206 09 - _ |
o 2e & 7 Lo6zne M
& P 57 w7 |
(Fr . 4 (42 £ IV IAY A5 ] AE £
{ Z I ) 97 4
A ?wr...b £ r2¢ ¢ PPLNG
»\7 T *
* 224
L -y 7
s 1 (#Z) 57 WITA e
xr) slj 7 (& Z) PIMNTH
Py r9F £CO
o
+ie P, WILyT GL&C
I (£ P NTI % oy A .ﬂW.\Mn“\c 4
7 ] ’ P S YT I
L =t 3 (FZ7° ,
__ [dhid K3 |
/ Y t
Bl u — st ir&s  — Tu\k\
S e r 15 6r-5- = oy
52 | &
&
, Ry ‘ | L0-87 — sy
- - ) ES T | £/ »/ Id 7
orr L2 = 77 7 v T 1 z e e i PP ol i
H ]Iﬂ os) €& |3 imily 57 7 77 \,ﬂ.bx“ u .’.\“M. “ .
{ Fsrlls + L e b
§ i . ] = o e
| r (T 77 Wi T z £ op S92
: zZ72- ’ (82 £ »wImw
Gelisnrs = z) ro
- 8| namwi 0 5178
%Itw M\.\ F7S G L PN S & I SA/E | \UNTLTO ATOW T¥
| u|| i ogTi S SN 5 4
<P & e
nWIn JOF0si o7 F00 }
9 | I H A R) L PP calsyeial
A T iz A7l § Sy e
i 77 (#) 7o { 5 bLO T 4 -
w * svpefor £0 ¥ (F O ,
Il & Ny T8 i o7 ¥0OT [
~ “.,I\.v\\.v i I ,JN\,M.H..I R T, Vel = \MQ.Q -
(£-4 yro
G T R o0 C <7 =4 OO0 os5 P N L
| 1 eesiseien LDIT7IS 7 VBT e <o
7
1 r

17

e T s




s S
¥ |
$ I
K  — L Ny 3
2 — g IR ol B
s ~ b3 R | e = o/o0cy
. - S N + e N =
r C N T ¢ { \E 3
- > -
S - 5 ' W Lo gooos
3 ——
, 3 =) e
LI b . 7 3L o
2 (#F ¢ a
S iers —7,-7—””" . !i L L:
7 S - . a“w
N € Vg7 SLide :1 N ik
2 et ST SRS o s Z..; on |
by 3 S
N —— ""t) 1) B L0 ~cE
Qfi2er . A g —t— j SO
\‘..f‘ 2oPI7 b MR D
(44) —3Bor7 SL &
| @ TerTT ShY L ‘_'! |
N 7777 MICOa A
’ 1 o T
I e & r
% ] I—”- J + -~
@) —raggr——1 o o - 1 i
i a3 e :
(9’ Ve 7 h!.‘ = - v b
AL 2 ———" Y 11
g e T P 2
2 i For 4= | Siic: - = Hesw
Y L L ot m— —— : 1 ~:
<. =
153 ]
Sty
a":'
]
NS |

N
B4
f-w
A ) - o
N )
Rt o
EERRE O
RN \\\:g
Q.
by
D
e
W
18
A AW LY , R
Ji_ MY NILRULL LY

R2R12
RooPESS LEGISTEL




- —

REFERENCES

1. Pipkin, F. B., "Synchronous Meteorological Satellite System,"
Goddard Space Flight Center, Greenbelt, Maryland, Dec 71.

2. Westinghouse Electronics Corporation '"Direct Readout Ground

Station," Equipment Manual for the White Sands Missile Range System.

19




- ——

DISTRIBUTION LIST

Director

US Army Ballistic Research Laboratory
ATTN: DRDAR-BLB, Dr. G. E. Keller
Aberdeen Proving Ground, MD 21005

Air Force Weapons Laboratory
ATTN: Technical Library (SUL)
Kirtland AFB, NM 87117

Commander

Headquarters, Fort Huachuca
ATTN: Tech Ref Div

Fort Huachuca, AZ 85613

6585 TG/WE
Holloman AFB, NM 88330

Commandant

US Army Field Artillery School
ATTN: Morris Swett Tech Library
Fort Sill, OK 73503

Commandant

USAFAS

ATTN: ATSF-CD-MT (Mr. Farmer)
Fort Sill, CK 73503

Director

US Army Engr Waterways Exper Sta
ATTN: Library Branch

Vicksburg, MS 39180

Commander

US Army Electronics Command
ATTN: DRSEL-CT-S (Dr. Swingle)
Fort Monmouth, NJ 07703

03

CPT Hugh Albers, Exec Sec
Interdept Committee on Atmos Sci
Fed Council for Sci & Tech
National Sci Foundation
Washington, DC 20550

Inge Dirmhirn, Professor
Utah State University, UMC 48
Logan, UT 84322

HQDA (DAEN-RDM/Dr. De Percin)
Forrestal Bldg
Washington, NC 20314

Commander

US Army Aviation Cencer
ATTN: ATZQ-D-MA

Fort Rucker, AL 36362

C0, USA Foreign Sci & Tech Center
ATTN: DRXST-ISI

220 7th Street, NE
Charlottesville, VA 22901

Director

USAE Waterways Experiment Station
ATTN: Library

PO Box 631

Vicksburg, MS 32180

US Army Research Office

ATTN: DRXRO-IP

PO Box 12211

Research Triangle Park, NC 27709

Mr. William A, Main
USDA Forest Service
1407 S. Harrison Road
Fast Lansing, MI 48823

Library-R-51-Tech Reports
Environmental Research Labs
NOAA

Boulder, CO 80302

Commander

US Army Dugway Proving Ground
ATTN: MT-S

Dugway, UT 84022

HQ, ESD/DRI/S-22
Hanscom AFB
MA 01731

Head, Atmospheric Rsch Section
National Science Foundation
1800 G, Street, NW

Washington, DC 2055G

0ffice, Asst Sec Army (R&D)
ATTN: Dep for Science & Tech
HQ, Department of the Army
Washington, DC 20310




Commander

US Army Satellite Comm Agc
ATTN: DRCPM-SC-3

Fort Monmouth, NJ 07703

Sylvania Elec Sys Western Div
ATTN: Technical Reports Library
PO Box 205

Mountain View, CA 94040

William Peterson

Research Association

Utah State University, UNC 48
Logan, UT 84322

Defense Communications Agency
Technical Library Center

Code 205

Washington, DC 20305

Dr. A. D. Belmont
Research Division

PO Box 1249

Control Data Corp
Minneapolis, MN 55440

Commander

US Army Electronics Command
ATTN: DRSEL-WL=-D!

Fort Monmouth, NJ 07703

Commander
ATTN: DRSEL-VL-D
Fort Monmouth, NJ 07703

Meteorologist in Charge
Kwajalein Missile Range
PO Box 67

APO

San Francisco, CA 96555

The Library of Congress
ATTN: Exchange & Gift Div
Washington, DC 20540

2

US Army Liaison Office
MIT-Lincoln Lab, Library A-082
PO Box 73

Lexington, MA 02173

Dir National Security Agency
ATTN: TDL (C513)
Fort George G. Meade, MD 20755

Director, Systems R&D Service
Federal Aviation Administration
ATTN: ARD-54

2100 Second Street, SW
Washington, DC 20590

Commander

US Army Missile Command
ATTN: DRSMI-RRA, Bldg 7770
Redstone Arsenal, AL 35809

Dir of Dev & Engr
Defense Systems Div
ATTN: SAREA-DE-DDR
H. Tannenbaum
Edgewood Arsenal, APG, Mu 21010

Naval Surface leapons Center
Technical Library & Information
Services Division

White Oak, Silver Spring, MD
20910

Dr. Frank D. Eaton

PO Box 3038

Universtiy Station
Laramie, Wyoming 82071

Rome Air Development Center

ATTN: Documents Library

TILD (Bette Smith)

Griffiss Air Force Base, NY 13441

National Weather Service

National Meteorological Center
World Weather Bldg - 5200 Auth Rd
ATTN: Mr, Quiroz

Washington, DC 20233

USAFETAC/CB (Stop 825)
Scott AFB
IL 62225

Director

Defense Nuclear Agency
ATTN: Tech Library
Washington, DC 20305

T

v




Director

Development Center MCDEC
ATTN: Firepower Division
Quantico, VA 22134

Environmental Protection Agency

Meteorology Laboratory
Research Triangle Park, NC
23N

Commander

US Army Electronics Command
ATTN: DRSEL-GG-TD

Fort Monmouth, NJ 07703

Commander

US Army Ballistic Rsch Labs
ATTN: DRXBR-IB

APG, MD 21005

Dir, US Naval Research Lab
Code 5530
Washington, DC 20375

Mil Assistant for
Environmental Sciences
DAD (E & LS), 30129
The Pentagon
Washington, DC 20301

The Environmental Rsch
Institute of MI

ATTN: IRIA Library

PO Box 618

Ann Arbor, MI 48107

Armament Dev & Test Center
ADTC (DLOSL)
Eglin AFB, Florida 32542

Range Commanders Council
ATTN: Mr. Hixon

PMTC Code 3252

Pacific Missile Test Center
Point Muqu, CA 93042

Commander

Eustis Directorate

US Army Air Mobility R&D Lab
ATTN: Technical Library
Fort Eustis, VA 23604

Commander

Frankford Arsenal

ATTN: SARFA-FCD-0, Bldg 201-2
Bridge & Tarcony Sts
Philadelphia, PA 19137

Director, Naval Ocearlography and
Meteorology

National Space Technology Laboratories
Bay St Louis, MS 39529

Commander

US Army Electronics Command
ATTN: DRSEL-CT-S

Fort Monmouth, NJ 07703

Commander

USA Cold Regions Test Center
ATTN: STECR-0P-PM

APQ Seattle 98733

Redstone Scientific Information Center
ATTN: DRDMI-TBD

US Army Missile Res & Dev Command
Redstone Arsenal, AL 35809

Commander
AFWL/WE
Kirtland AFB, NM 37117

Naval Surface Weapons Center
Code DT-22 (Ms. Greeley)
Dahlgren, VA 22448

Commander

Naval Ocean Systems Center
ATTN: Research Library
San Diego, CA 92152

Commander

US Army INSCOM

ATTN: TARDA-0S
Arlington Hall Station
Arlington, VA 22212

Commandant

US Army Field Artillery School
ATTN: ATSF-CF-R

Fort STl Gk 73503




———

Commander and Director

US Army Engineer Topographic Labs
ETL-GS-AC

Fort Belvoir, VA 22060

Technical Processes Br-D823
NOAA, Lib & Info Serv Div
6009 Executive Blvd
Rockville, MD 20852

Commander

US Army Missile Research

and Development Command

ATTN: DRDMI-CGA, B. W. Fowler
Redstone Arsenal, AL 35809

Commanding Officer

US Army Armament Rsch & Dev Com
ATTN: DRDAR-TSS #59

Dover, NJ 07801

Air Force Cambridge Rsch Labs
ATTN: LCB (A. S. Carten, Jr.)
Hanscom AFB

Bedford, MA 01731

National Center for Atmos Res
NCAR Library

PO Box 3000

Boulder, CO 80307

Air Force Geophysics Laboratory
ATTN: LYD

Hanscom AFB

Bedford, MA 01731

Chief, Atmospheric Sciences Division
Code ES-81

NASA

Marshall Space Flight Center, AL 35812

Department of the Air Force
OL-C, S5SWW
Fort Monroe, VA 23651

Commander

US Army Missile Rsch & Dev Com
ATTN: DRDMI-TR

Redstone Arsenal, AL 35809

Meteorology Laboratory
AFGL/LY
Hanscom AFB, MA 01731

Director CFD

US Army Field Artillery School
ATTN: Met Division

Eort Sill, 0K 73503

Naval Weapons Center (Code 3173)
ATTN: Dr. A. Shlanta
China Lake, CA 93555

Director

Atmospheric Physics & Chem Lab
Code R31, NOAA

Department of Commerce
Boulder, CO 80302

Department of the Air Force
5 WW/DN
Langley AFB, VA 23665

Commander

US Army Intelligence Center and School
ATTN: ATSI-CD-MD

Fort Huachuca, AZ 85613

Dr. John L. Walsh
Code 4109

Navy Research Lab
Washington, DC 20375

Director

US Army Armament Rsch & Dev Com
Chemical Systems Laboratory

ATTN: DRDAR-CLJ-I

Aberdeen Proving Ground, MD 21010

R. B. Girardo

Bureau of Reclamation

E&R Center, Code 1220

Denver Federal Center, Bldg 67
Denver, CO 80225

Commander

US Armmy Missile Command
ATTN: DRDMI-TEM

Redstone Arsenal, AL 35809

Wl e




1

&

VIMOSPHERIC SCIENCES RESEARCH PAPERS

Lindberg, J.D., “An Improvement to a Method for Measuring the Absorption Coef-
ficient of Atmospheric Dust and other Strongly Absorbing Powders,
ECOM-5565, July 1975.

\vara, Elton, P.. “*Mesoscale Wind Shears Derived from Thermal Winds,” ECOM-5566,
July 1975.

Gomez, Richard B., and Joseph H. Pierluissi, “Incomplete Gamma Function Approxi-
mation for King's Strong-Line Transmittance Model,” ECOM-5567, July 1975.

Blanco. A.J., and B.F. Engebos, “Ballistic Wind Weighting Functions for Tank
Projectiles,” ECOM-5568, August 1975,

Favior, Fredrick J., Jack Smith, and Thomas H. Pries, “Crosswind Measurements
through Pattern Recognition Techniques,” ECOM-5569, July 1975.

Walters, DL, “Crosswind Weighting Functions for Direct-Fire Projectiles,”” ECOM-
5570, August 1975.

Duncan, Louis D., “An Improved Algorithm for the Iterated Minimal Information
Solution for Remote Sounding of Temperature,” ECOM-5571, August 1975.

Robbiani, Raymond L., “Tactical Field Demonstration ¢f Mobile Weather Radar Set
AN/TPS-41 at Fort Rucker, Alabama,” ECOM-5572, August 1975.

Miers, B., G Blackman, D. Langer, and N. Lorimier, “Analysis of SMS/GOES Film
Data,” ECOM-5573, September 1975.

Manquero, Carlos, Louis Duncan, and Rufus Bruce, “An Indication from Satellite
Measurements of Atmospheric COZ2 Variability,” ECOM-5574, September
1975.

Petracca, Carmine, and James D. Lindberg, “Installation and Operation of an Atmo-
spheric Particulate Collector,” ECOM-5575, September 1975.

Avara, Elton P., and George Alexander, ‘“Empirical Investigation of Three Iterative
Methods for Inverting the Radiative Transfer Equation,” ECOM-5576,
October 1975.

\lexander, George D., “A Digital Data Acquisition Interface for the SMS Direct
Readout  Ground Station — Concept and Preliminary Design,” ECOM-
5577, October 1975.

Cantor, Israel, “Enhancement of Point Source Thermal Radiation Under Clouds in
a Nonattenuating Mediu:n,” ECOM-5578, October 1975.

Norton, Colburn, and Glenn Hoidale, “*The Diurnal Variation of Mixing Height by
Month over White Sands Missile Range, N.M,” ECOM-5579, November 1975.

Avara, Elton P.. “On the Spectrum Analysis of Binary Data,” ECOM-5580, November
1975

Faylor, Fredrick J., Thomas H. Pries, and Chao-Huan Huang, “Optimal Wind Velocity
Estimation,” ECOM-5581, December 1975,

Avara, Elton P., “Some Effects of Autocorrelated and Cross-Correlated Noise on the
Analysis of Variance, " ECOM-5582, December 1975.

Gillespre, Patti 8., R.L. Armstrong, and Kenneth O. White, “The Spectral Character-
istics and Atmospheric CO2 Absorption of the Ho'*YLF Laser at 2.05um,”
ECOM-5583, December 1975,

Novlan, David J. “An Empirical Method of Forecasting Thunderstorms for the White
Sands Missile Range,” ECOM-55841, February 1976.

Avara, Elton P, “Randomization Effects in Hypothesis Testing with Autocorrelated
Noise,” ECOM-5585, February 1976.

Watkins, Wendell R., “Improvements in Long Path Absorption Cell Measurement,”
ECOM- 5586, March 1976.

Thomas, Joe, Ceorge D. Alexander, and Marvin Dubbin, “SATTEL — An Army
Dedicated Meteorological Telemetry Systend,” ECOM-55687. March 1976.

Kennedy, Bruce W, and Delbert Bynum, “Army User Test Program for the RDT&E-
NALTO Meteorological Rocket,” ECOM-HH88, Apnl 1976




16.

47.

48

s

Barnett, Kenneth M., A Description of the Artillery Meteorological Comparisons at
White Sands Missle Range, October 1974 - December 1974 (‘PASS’ -
Prototype Artillery [Meteorological] Subsystem),” ECOM-5589, April 1976.

Miller, Walter B., “Preliminary Analysis of Fall-of-Shot From Project ‘PASS’,” ECOM-
5590, April 1976.

Avara, Elton P., “Error Analysis of Minimum Information and Smith’s Direct Methods
for Inverting the Radiative Transfer Equation,”” ECOM-5591, April 1976.

Yee, Young P, James D. Horn, and George Alexander, “Synoptic Thermal Wind Cal-
culations from Radiosonde Observations Over the Southwestern United
States,” ECOM-5592, May 1976.

Duncan, Louis D., and Mary Ann Seagraves, ** Applications of Empirical Corrections to
NOAA-4 VTPR Observations,” EKCOM-5593, May 1976.

Miers, Bruce T., and Steve Weaver, “Applications of Meterological Satellite Data to
Weather Sensitive Army Operations,"ECOM-5594, May 1976.

Sharenow, Moses, “Redesign and Improvement of Balloon ML-566," ECOM-5595,
June, 1976.

Hansen, Frank V., “The Depth of the Surface Boundary Layer,”” ECOM-5596, June
1976.

Pinnick, R.G., and E.B. Stenmark, “Response Calculations for a Commercial Light-
Scattering Aerosol Counter,” ECOM-5597, July 1976.

Mason, J., and G.B. Hoidale, “Visibility as an Estimator of Infrared Transmittance,”
ECOM-5598, July 1976.

Bruce, Rufus E., Louis D. Duncan, and Joseph H. Pierluissi, “Experimental Study of
the Relationship Between Radiosonde Temperatures and Radiometric-Area
Temperatures,” ECOM-5599, August 1976.

Duncan, Louis D., “Stratospheric Wind Shear Computed from Satellite Thermal
Sounder Measurements,” ECOM-5800, September 1976.

Taylor, F., P. Mohan, P. Joseph and T. Pries, “An All Digital Automated Wind
Measurement System,”” ECOM-5801, September 1976.

Bruce, Charles, “Development of Spectrophones for CW and Pulsed Radiation Sources,”
ECOM-5802, September 1976.

Duncan, Louis D., and Mary Ann Seagraves," Another Method for Estimating Clear
Column Radiances,” ECOM-5803, October 1976.

Blanco, Abel J., and Larry E. Taylor, ** Artillery Meteorological Analysis of Project Pass,”
ECOM-5804, October 1976.

Miller, Walter, and Bernard Engebos,”* A Mathematical Structure for Refinement of
Sound Ranging Estimates,”” ECOM-5805, November, 1976.

Gillespie, James B., and James D. Lindberg, ‘A Method to Obtain Diffuse Reflectance
Measurements from 1.0 to 3.0 um Using a Cary 171 Spectrophotometer,”
ECOM-5806, November 1976.

Rubio, Roberto, and Robert O. Olsen,”"A Study of the Effects of Temperature
Variations on Radio Wave Absorption, ECOM-5807, November 1976.

Ballard, Harold N., “Temperature Measurements in the Stratosphere from Balloon-
Borne Instrument Platforms, 1968-1975," ECOM-5808, December 1976.

Monahan, H.H., ““An Approach to the Short-Range Prediction of Early Morning
Radiation Fog,” ECOM-5809, January 1977.

Engebos, Bernard Francis, “Introduction to Multiple State Multiple Action Decision
Theory and Its Relation to Mixing Structures,” ECOM-5810, January 1977.

Low, Richard D.H.'Effects of Cloud Particles on Remote Sensing from Space in the
10-Micrometer Infrared Region,” ECOM-5811, January 1977.

Bonner, Robert S., and R. Newton, “Application of the AN/GVS-5 Laser Rangefinder
to Cloud Base Height Measurements,”” ECOM-5812, February 1977.




Rubio, Roberto, *Lidar Detection of Subvisible Reentry Vehicle Erosive Atmospheric
Material,” ECOM-5813, March 1977.

Low, Richard D.H., and J.D. Horn, *“Mesoscale Determination of Cloud-Top Height:
Problems and Solutions,” ECOM-5814, March 1977.

Duncan, Louis D., and Mary Ann Seagraves,*Evaluation of the NOAA-4 VTPR Thermal
Winds for Nuclear Fallout Predictions,” ECOM-5815, March 1977.
Randhawa, Jagir S., M. lzquierdo, Carlos McDonald and Zvi Salpeter, *‘Stratospheric
Ozone Density as Measured by a Chemiluminescent Sensor During the

Stratcom VI-A Flight,” ECOM-5816, April 1977.

Rubio, Roberto, and Mike Izquierdo, ‘‘Measurements of Net Atmospheric Irradiance
in the 0.7- to 2.8-Micrometer Infrared Region,” ECOM-5817, May 1977.

Ballard, Harold N., Jose M. Serna, and Frank P. Hudson Consultant for Chemical
Kinetics, “*Calculation of Selected Atmospheric Composition Parameters
for the Mid-Latitude, September Stratosphere,” ECOM-5818, May 1977.

Mitchell, J.D., R S. Sagar, and R.O. Olsen, ‘“Positive lons in the Middle Atmosphere
During Sunrise Conditions,” KCOM-5819, May 1977.

White, Kenneth O., Wendell R. Watkins, Stuart A. Schleusener, and Ronald L. Johnson,
“Solid-State Laser Wavelength Identification Using a Reference Absorber,”
ECOM-5820, June 1977.

Watkins, Wendell R., and Richard G. Dixon, “Automation of Long-Path Absorption
Cell Measurements,” ECOM-5821, June 1977.

Taylor, S.E., JM. Davis, and J.B. Mason, ‘‘Analysis of Observed Soil Skin Moisture
Effects on Reflectance,” ECOM-5822, June 1977.

Duncan, Louis D. and Mary Ann Seagraves, “Fallout Predictions Computed from
Satellite Derived Winds,” ECOM-5823, June 1977.

Snider, D.E., D.G. Murcray, F.H. Murcray, and W.J. Williams, ‘Investigation of
High-Altitude Enhanced Infrared Backround Emissions” (U), SECRET,
ECOM-5824, June 1977.

Dubbin, Marvin H. and Dennis Hall, “Synchronous Meteorlogical Satellite Direct
Readout Ground System Digital Video Electronics,” ECOM-5525, June
1971.

fIUS GOVERNMENT PRINTING OFFICE 1977 777-022/ 7




